INTRODUCTION
Moringa oleifera is the most widely cultivated species of Monogeneric family, the Moringeceae that is native to the sub-Himalayan tract of Northern India but now distributed worldwide in the tropics and sub tropics 1, 2) . This rapid growing tree (also known as horseradish tree, drumstick tree, benzolive tree, kelor, marango, molnge, moonga, mulangay, saijhan (in India) sajna, or ben oil tree) is a perennial softwood tree with timber of low quality, but which for centuries has been advocated for traditional, medicinal and industrial uses 3) . Almost every part of plant is values for different purposes including alley cropping (biomass production), animal forage (leaves and treated seed cake), bio-gas (from leaves), domestic cleaning agent (crushed leaves), blue dye (wood), fencing (living tree), fertilizers (seed-cake), foliar nutrient (juice expressed from the leaves), green manure (from leaves), gum (from tree trunks), honey and sugar cane juice clarifier (powdered seed), honey (flower nectar), medicine (all plant parts), ornamental plantings, bio-pesticides (soil incorporation of leaves to prevent seedling damping off), pulp(wood), rope(bark), tannin for tanning hides(bark and gums), water purification (powdered seeds [3] [4] [5] [6] . Pharmacological properties of the tree have been reported [7] [8] [9] [10] . Many reports described M. oleifera as highly potent anti-inflammatory, hepatoprotective, antihypertensive and antitumor. Root juice is applied externally as rubeficient or counterirritant 11) . The root decoction is used in Nicaragua from dropsy 11) . The aqueous extract also showed anti-fertility activity 12, 13) . Flowers are considered to be anthehalmintic. In India, juice pressed from flowers is said to be anthelmintic and are also used in affections of the liver and spleen and in treating articular pains.
This has in recent times been advocated as an outstanding indigenous source of highly digestible protein, Ca, Fe, vitamin C and carotenoids suitable for utilization in many of the so called "developing" regions of the world where under nourishment is the major concern 3) . Although the tree is widely cultivated in India 1) , the oil 14) is seldom extracted for commercial purposes and does not form an article of commerce. However, the oil has been used as potential source of edible oil in Middle East and African countries. Seeds are eaten like a peanut in Malaya. Seeds yield 38-40.5 of non-drying oil, known as Ben oil. Ben oil has been used for illumination and is considered to be particularly suitable as a lubricant for fine machinery 15) . The oil was erroneously reported to be resistant to rancidity and used extensively in the "enfleurage" process whereby delicate fragrances are extracted from flower petals 1) . Ben oil is clear, sweet and odorless, edible and useful in the manufacture of perfumes and hairdressing 16) . Oil content and its properties are varied over a wide range, mainly depending on the species and environmental conditions 17, 18) . In view of growing demand and scientific awareness about the nutritional and functional properties of oils 19) , the quality assessment and composition of oils from some nonconvectional oilseed is of major concern.
The present study is aimed at evaluating oil potential of different clones of M. olifera collected from various regions across the country and acclimatized in the institute.
MATERIALS AND METHODS

1
Twenty different genetically variable clones of M. olifera have been propagated through stem cutting and acclimatized at the institute for last several years. The seeds were assayed in dry states from mature fruits. Seeds from the clone were separated into kernel and seed coat. Seeds were globular, three winged and covered with thick blackish seed coat; average wt was ~ 0.46 g.
All reagents (analytical and HPLC) used for the analysis were purchased from Qualigen fine chemicals; Mumbai and standards were purchased from Sigma Aldrich Co., USA. All solvents were redistilled before use.
2
The oils were extracted from kernels (2 kg from each clone) with petroleum ether (b.p. 40-60 ) in a 5lt soxhlet extractor. The extracts were executed on water bath for 7-8 h 3) . The solvent was distilled off under vacuum in a rotary evaporator. The extracted oils were refined apart from small quantity, which was kept for tocopherol and rancimat analysis. The oil was heated to 75 and 20% boiling water was added. The mixture was stirred for 10 min with the aid of glass rod. After cooling, the oil was centrifuged at 3500 rpm using an automatic refrigerated centrifuge (Sigma 2-16 K, Germany). The refined oils were dried over anhydrous sodium sulphate, filtered and kept in separate bottles under refrigeration (0-5 ) before use.
3
The oilseed residues (meal) after the extraction of oil from the seed were analyzed for protein, fibre, ash, moisture, and vitamin C contents. Moisture, protein (microkjeldehl) crude fibre were determined by using the method described by AOCS 20) . Vitamin C content was determined by method adopted from 21) . All determinations were done in triplicates.
4 2.4.1 Physical and chemical parameters of oil
Determination of melting point, refractive index, iodine value, SAP value, peroxide value, unsaponifiable matter, free fatty acid of the extracted oil was carried out according to various standards AOCS 20) methods. The color of the oil was determined by a Lovibond Tintometer (Tintometer Ltd., Salisburg, U.K.) 2.4.2 Determination of the oxidative state For the determination of the oxidative state, specific extinction (E1% 1 cm) at 232 nm, and 270 nm was measured, by using Perkin-Elmer model Lambda 2 spectrometer. The peroxide value was measured by using the method adapted by 22) .
Determination of the susceptibility to oxidation with
Rancimat method The oxidative stability of oil was measured by the rancimat method according to AOCS Cd 12b-92. An automated Metrohm Rancimat 23) model 679 was used for the determination of induction period of the degummed oil. 3 g of oil are weighed into each reaction vessel. Delta T at different temperatures was 1.4 at 100 , 1.5 at 110 , 1.6 at 120 , and 1.7 at 130 . The gas flow rate was 20 L/h. The stop criterion was the end point.
Determination of tocopherol content
The HPLC was used to determined tocopherol contents for the oil in the spiked samples using IUPAC method 24) . The HPLC system used was equipped with UV visible detector with the wavelength 292 nm (SPD-10 AV, Shimadzu, Tokyo, Japan), HPLC pump (LC-10AT), a column oven (CTO-10A), Silica Column Shim-CLO-SIL 4 250 mm. The mobile phase was hexane/iso-propanal (99 : 1 v/v) with a flow rate of 1mL/min.
Determination of sterol composition
The determination of sterol was made following the method of the officials 20) . Analysis was carried out on a HP 5890 series II, equipped with capillary column was HP35 (cross linked 35% Ph Me silicone), 15 m 0.25 mm width 0.25 lm film thicknesses. The GC conditions used were Detector temperature 300 , Injection temperature 230 , and column temperature program stated at 120 held 1 min, ramped to 290 with 25 /min. The injection volume was 0.2 mL and the total run time was 30 min. Nitrogen was used as the carrier gas with the flow rate 60 mL/min and the injection technique was in splitless mode. The identification and quantification of unknown sterol components were made using a pure sterol standard mixture.
Determination of fatty acid composition
Fatty acid methyl esters were prepared according to standard IUPAC method 2.301 and analyzed on a HP 5890 series II gas chromatograph equipped with FID (flame ionization detector). The oven temperature, injector port temperature and detector block temperature were maintained at 170˚, 220˚ and 250 respectively. Stainless steel column (10% DEGS on chromosorb W/HP 80-100 mesh, 2 m 3 mm i.d.) was used for the analysis. Nitrogen gas was used as carrier gas at the flow rate of 30 mL/min. The peaks were identified by their relative retention time with those of standard FAMEs.
RESULTS
The data for the analysis of 20 individual clones of M. oleifera, compared with literature value reported from Pakistan 25, 26) , Malaysia 27) and Kenya 28) ; have been summarized in .
Values for the present analysis are given as mean SD of 20 clones of M. oleifera oils, analyzed individually in triplicate.
1
The petroleum ether extracted oil content of different clones of M. oleifera seeds were presented in found in the range of 27.83-45.07% on the kernel basis. The maximum oil content was found in clone no. MO 19 (45.07%) followed by MO 1 (44.17%) and MO 20 (44.07%), while minimum being in MO 03 (27.83%). However, more than 40% oil was found in MO 08 (41.6%), MO 11 (42.1%) MO 13 (40.375) and MO 15 (40.7%).
2
The vitamin C content (mg/100 g) was summarized in . The vitamin C content was determined in leaves and tender as well as mature pods. In leaves the maximum content was found in clone no. MO 11 (133.85) followed by in MO 10 (107.27) and MO 8 (105.06). The minimum vitamin C content was found to be in the leaves of clone no. MO 03 (79.09). In tender pods the maximum content was found to be in clone no. MO 13 (131.58) followed by in MO 18 (115.2) and MO 16 (110.39). The minimum was found to be in clone no. MO 02 (75.45). The mature pods were found to be richer in vitamin C in comparison to leaves and tender pods. The maximum vitamin C content was found to be in clone no. MO 4 (136.19) . The minimum content was found to be in clone no. MO 02 (93.43).
3
Physical and chemical characteristics of oil were presented in . The complete melting points as derived DSC measurement of oil extracted were found to be 18.93. The acidity (as % oleic acid) of all the moringa oils was lower than that of olive oil (0.98). The values determined for iodine (66.47), SAP (164.27), unsaponifiable matter % (0.58), refractive index (1.4566) and density at 24 (0.8933). The red color unit was found to be 0.68 whereas yellow color unit was found to be 5.87.
Oxidative Stability
The determination of oxidative states of M. oleifera was . The fatty acid composition revealed the presence of five fatty acids, which were common to all the clones, while palmitolein (16 : 1) was found only in found clones viz. MO 03, MO 04, MO 05 and MO 06 in addition to the other fatty acids. The total unsaturated acids were found to be more than 81% in every clone. The total saturated fatty acids were found to be less than 18.1% in every clone. The major saturated acids were palmitic 
DISCUSSION
The oil contents of M. oleifera seeds determined in the present work were significantly higher than the reported from Pakistan, Malaysia and Kenya. The average oil content presented in of different clones of M. oleifera seeds in the present study was found to exceed those of avocado (25%), olive (20%). The high percentage of oil makes this seed a distinct potential for the oil industry.
Analysis of oilseed residue (
) revealed a high protein content of the seeds (45.34%), whereas fibre, moisture and ash contents were found to be 6.32, 6.72, and 6.78%, respectively. The analysis showed the meal to be a very good source of protein. The oilseed residue left after oil extraction could be further utilized for the water purification. The vitamin C content was found higher when compared to the other moringa variety M. concanesis (55.01 in leaves, 75.74 in tender pods and 103.49 in mature pods). The vitamin C content was not reported from any of the literature cited. As it shown with the result the vegetable oils with minimum colour index were found suitable for edible and various domestic purposes. The data of oxidative studies revealed that Moringa exhibit a very good oxidative state. In the tocopherol content the a-tocopherol was comparatively higher than those of reported values, whereas the sterol components were found to be somehow similar to the reported values. The saturated/unsaturated 
Oil and Fatty Acid Diversity in Genetically Variable Clones of Moringa oleifera
ratio of the fatty acid varied from 0.14 to 0.23 as compared to that of olive and avacado oils (0.12 and 0.08 respectively), while the ratio from Pakistan were 0.30, from Kenya was 0.26 and from Malaysia it was 0.37. It may be mentioned here that on the basis of saturated/unsaturated ratio the oils from various clones may be divided into two groups, one having the ratio of 0.14 to 0.17 and the other in the range of 0.17 to 0.23. The oils in the first group compared well having oleic acid ranging between 80.55 to 85.52% with that of olive oil which had 81.6%.
The composition of various clones revealed the presence of oleic (18 : 1) acid as the major component of the oil ranging from 78.91 to 85.52% from India. However Anwar et al. 25) , reported oleic acid up to 76.0% in M. oleifera seedlings during their interprovenance study from Pakistan. Tsakins et al. 28) , reported 73.6% from Kenya and Abdul karim et al. 27) , reported 67.9% from Malaysia.
CONCLUSION
We observe more than 78% of oleic acid in all the clones we studied, which was at par with avacado and olive oils. Moreover, it is evident from that nine clones of Moringa had more oleic acid than even olive and avacado oils. So Moringa oil can be an alternative source of olive oil. Moringa oil was highly prized for lubricating watches, but was replaced by sperm Whale oil. Since the ban is imposed on killing whales, the oil may regain its earlier statue. Thus Moringa oil, if exploited systematically, will augment the existing resources of oils and may find edible and/or cosmetic use.
